Abstract-The main aim of this paper is to illustrate the potentials that the use of robotic and mechatronic technologies (in combination with advanced biomechanical models) can offer to help elderly people identifying and slowing down the effects of the age-related modifications of the neuro-muscoloskeletal systems and therefore increasing their possibility of staying at home reducing the hospetalization time. In particular, a three phases approach is proposed in this paper: (i) the use of robotic and mechatronic systems to analyse the age-related modifications of the motor control strategies (in particular for falling risk) in clinics or research laboratories; (ii) the use of wearable systems to assess motor performance in a unstructured environment (e.g., the house of the people); (iii) the use of technological aids to help elderly people to live autonomously in their domestic environment. The results illustrated in this manuscript seems to confirm that this approach can provide interesting and useful tools to increase the quality of life of elderly people.
I. INTRODUCTION
HE people of several countries in the world is rapidly ageing. For example, European Union and Japan have the world's older population structure, with more than 20% of their citizens aged over 60, and trends showing that this figure will grow up to 25% within 2020 and to more than 30% within 2025 (see Figure 1) . Moreover, the number of people aged 80 and over will more than double, in the same period of time. This trend has several implications, including: (i) a larger number of older people in absolute and relative terms; (ii) a considerably larger number of "older" elderly people; (iii) a smaller number of informal carers (e.g., family carers); (iv) a smaller productive workforce to contribute to the financing of formal health and social services.
These trends pose significant challenges to the organisation of health and social care services. On one hand, there will be more frail and disabled older people in need for social, home and health-care services, both in a short-term and long-term perspective. On the other hand, the number of informal carers is constantly getting smaller, and pressures for costcontainment of formal services are increasing. For this reason, the issues related to the aging of the population are becoming more and more necessary to be addressed from different points of view (political, social, clinical, technological). The use of robotic and mechatronic technologies (combined with biomechanical models) can help elderly people in order to identify and slow down the effects of the age-related modifications of the (central and peripheral) neural and musculo-skeletal systems. In particular, this approach can slow down the reduction of sensory-motor performance increasing the quality of life and the ability of the elderly people of participating in daily life activities (see Figure 2 ) increasing the time they can live at home independently and reducing the hospitalization time. Robotic and mechatronic systems can be used to implement a three phases approach: (i) the motor (and cognitive) abilities are assessed in clinics by exploiting the potentialities of advanced technologies and systems in order to identify and address major deficits; (ii) when at home, the performance of elderly people are continuously evaluated by using wearable systems to recognize immediately the onset of possible problems related to reduced performance; (iii) technological aids are used to compensate possible deficits increasing the level of autonomy especially at home. 
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In this paper, the use of biorobotic technologies (together with biomechanical models) in these three main areas of research is illustrated.
II. ANALYSIS OF AGE-RELATED MODIFICATIONS OF MOTOR CONTROL STRATEGIES USING BIOROBOTIC SYSTEMS
Robotic systems such as the MIT-MANUS [2] or the LOKOMAT [3] have been used in the recent past to understand the motor control strategies during reaching and locomotion in young people. However, these (and other mechatronic) systems can be used also to analyze the modifications of these strategies induced by the aging process.
For example, although several research groups approached the problem of the description of postural responses to unexpected disturbances (which is related to falling risk, a very important issue for elderly people), there is a lack of a general theory for the solution of such a problem. A successful method for overcoming this difficulty could be based on the development of mechatronic systems (together with advanced biomechanical models), which could be used both as measuring and perturbing instruments [4] . For example, Pavol et al. [5] , addressed this issue by using a novel type of perturbation in which a slippage was induced during a sit-to-stand movement. They wanted to investigate whether, also in this case, there would be significant differences among young and older adults, in: 1) the fall incidence upon initial, unexpected, perturbation exposure, 2) the rate of decrease in falls upon repeated exposure to perturbation, and 3) the fall incidence upon later reexposure. According to the experimental protocol, slippage was induced, on the examined subjects, during a sit-to-stand movement, using a pair of low-friction platforms, which were free to sleep forward upon release of their locking mechanisms ( Figure 3 ). Results of this study showed that, upon the first slip, older adults (73%) were at greater risk of falling than the young adults (28%). Since after repeated exposure to the same perturbation, both older and young adults learned to slip without falling, authors hypothesized that higher incidence of falls after slip, in older subjects, could be related to the specific execution of the task, not to their insufficient functional ability to recover from falls. More recently, Troy et al. [6] compared subjects' recovery ability from two surrogate tasks (i.e., simulating falling) and from an unexpected trip task. The trip task consisted in inducing a trip during locomotion by using powered obstacles that could be controlled, in order to unexpectedly appear on the subject way. They showed that significant differences existed among subjects behavior, in tasks involving recovery from an induced trip, and in surrogate tasks. This means that, in order to improve the reliability of indicators of trip-related fall risks, it should be necessary to identify surrogate tasks that could induce recovery responses more similar to those associated with a trip event.
The use of robotic systems for motor control analysis is currently being pursued by several research groups trying to develop more flexible and advanced systems to simulate different perturbations.
III. WEARABLE SYSTEMS FOR FUNCTIONAL ASSESSMENT OF MOTOR FUNCTION
The modifications induced by the aging process can be analysed by using current motion analysis systems (based on passive or active markers placed on the skin of the subjects and tracked by several cameras) but their applicability is limited by their cost and difficulty to be used in unstructured environments (as the house of the elderly people).
For this reason, in the recent past, several research groups have investigated the possibility of developing systems to assess motor function more usable in these situations.
A. Inertial sensors for functional assessment Inertial sensors can represent an interesting solution to extract semi-quantitative biomechanical information about different motor tasks in a simple and not expensive way. For this reason, several research groups have been working in the recent past to use this technology for the assessment of motor function in different fields of application and in particular for the evaluation of the effects of aging on motor performance. For example, Najafi and colleagues [7] developed an algorithm to analyze the risk of falling by using a miniature gyroscope to calculate the time of sit-to-stand and stand-to sit transitions and their duration (see Figures 4 and 5 ). The results of their work showed that this approach could be used to infer interesting information to assess the status of the motor skills of the elderly subjects and the (increased) possibility of falling risk.
B. Wearable biomechatronic systems
Wearable systems represent an interesting, and not so expensive alternative to the commonly used monitoring instruments in clinical environments. Including light sensing devices and simple data processing systems these systems can easily record important parameters related to daily living activities, in unstructured environments, for long time, and in an extremely simple way. In the recent past, two wearable instruments, the Human-Glove and the MEKA systems, to assess hand or knee movements have been used to evaluate motor performance in elderly people. The Humanglove (Humanware srl, Pisa, Italy) is a glove with 20 embedded Hall-effect sensors. The position sensors provide information on the flexion and extension of the proximal, medial and distal parts and of the abduction and adduction of the fingers. A software procedure provides also the visualization of the hand posture corresponding to these measurements ( Figure 6 ). The Humanglove was used to make a quantitative assessment of the hand function, in a group of normal young subjects, and one of elderly subjects affected by rizoarthrosis, three of which were treated with surgical intervention [8] [9] . According to the test protocol, each subject was required to make a series of different grasping tasks. The data were processed by calculating the Principal Component Analysis (PCA) technique from the angular trajectories of the Degrees of Freedom (DoFs) related to the thumb movements of all the subjects. These results evidenced that the PCs were able to discriminate hand performance not only between young able-bodied and elderly disabled persons but also between persons who received a surgical intervention and persons who are still waiting for it. Therefore, this approach could provide interesting information during the planning of the rehabilitation process by the clinician. The HumanGlove is currently used for the analysis of hand synergies during prehension tasks in elderly people (as in [10] ) The MEKA system measures angular rotations of the knee joint, in two degrees of freedom (DoFs) (see Figure 7 , [11] [12] ). As shown in [12] , this system is able to provide interesting information on the effects of different cognitive efforts on locomotion and could be used in the next future for the inhouse assessment of motor performance especially to try to the reduce the risk of falling in elderly people.
IV. TECHNOLOGICAL AIDS TO INCREASE THE INDEPENDENCE AND THE QUALITY OF LIFE
The possibility of having pervasive robotics technology, integrated into intelligent ambients and into the global and local networks, can offer truly acceptable and usable solutions to the growing need for personal assistance, mainly related to the steadily increasing number of elderly people in most European countries (and worldwide). The personal robots are becoming more and more able of performing truly useful tasks (such as lifting heavy weights, preparing food, and cleaning kitchen and bathroom) with some degree of customization based on the users' motor and cognitive skills, preferences and habits. For example, Dubowksy and colleagues [13] developed the PAMM (Personal Aid for Mobility and health Monitoring) system able to help the subjects during walking providing at the same time information about the healthy conditions which can be controlled for example in teleoperation by the clinician (see Figure 8 ). This kind of networked machines will ultimately represent a viable -and perhaps the only practical -solution to the otherwise unsolvable problem of (partly) assisting and providing some independence to the (huge) elderly population and to the disabled persons living in developed (and also in developing) countries. In Figure 9 , an example of future scenario in this field is given [14] . The increasing number of elderly people (especially in the Western countries) makes necessary to address several issues about the possibility of slowing down the aging effects on the neuro-musculo-skelelal system increase the level of independence of these persons. In this manuscript, the tools which can be offered by biorobotics in order to address the different issues have been briefly illustrated.
Even if several experiments are still to be carried out to validate the potentialities of the different systems, the preliminary findings already achieved show that they can help elderly to increase their quality of life in a significant way.
